While today a picture of a serious looking person peering into a microscope may suggest "science" to the general public, we noted in our last column that this was not always so. In the early 19th century, for example, the microscope was seen by many as a hobby, interesting yes, but not as worthy of respect as an amateur's telescope.
upon until recently. Once aberrations were well corrected for and glasses of high refractive index commonly utilized, further improvements in numerical aperture became increasingly difficult to receive. The only way to improve resolution seemed to be to decrease the wavelength of light used to illuminate the sample.
One such step was to use UV illumination as proposed by Koehler in 1900. The light source was an electric discharge between two cadmium electrodes and a uranium glass was used to focus the image The optics were made of quartz.
Even in the 1940's, UV microscopy was still contributing heavily to biological research because it was found that there was UV absorbing "stuff' inside cells. This turned out to be due to the presence of ribonucleic acid (RNA) abundant in cells which make lots of protein and deoxyribonucleic acid (DMA) found in the cell nucleus, where it serves as the repository of all the information the cell needs. The famous names are those of Casperson in Denmark and the Belgian Brachet who worked with him. Of course there were multiple problems which hindered the wide use of this machinery. One problem was that to use UV of reasonably short wavelength meant that one had to use quartz optics (still today quartz optics are expensive, not that glass optics are cheap). Another difficulty was that the images could not be seen by eye, since we do not register UV. The data had to be recorded by photography. That too presented real problems not only because focusing blind is difficult but also because photomicrography had shaky beginnings, starting off on the wrong foot when overenthusiastic workers decided that one could just keep on magnifying the image.
Photomicrography began a popular approach to gathering data before most workers clearly distinguished between magnification and resolution. Objectives were claimed to work at 4000X and pictures were magnified 10-20000X by faithful if uncritical believers in the idea that seeing was proof of reality. As a result of such excesses many doubted that microphotography produced results accurate enough to ever replace the drawing of specimen. That in fact reminds me of my Biology 1 laboratory, where the lab instructor used to come over and peer in my microscope demanding to see the cell I had just drawn... The pioneer pathologist Koch remained convinced, in spite of such problems, that photography would eventually contribute mightily to microscopy. In 1934 the engineer V. K. Zworykin built a massive instrument he called an electric microscope, by which he meant a UV microscope using an iconoscope TV camera to produce a visible image 1 . Zworykin soon got involved with the newfangled electron microscope that was being designed by Knoll and Ruska and by Marton and Prebus and Hillier. In the electron microscope, resolution was not limited by the wavelength of the radiation used in imaging, but by the shortcomings of electron lenses. X-ray microscopy also is on the same evolutionary path. Again here the resolution is helped by having radiation of short wavelength but at first there were no lenses which could be used to make an X-ray image ; So the first X-ray micrographs were contact micrographs. Soon Scanning Electron Microscopy was used to examine the patterns left by the specimen in photoresist. Today, with the advent of bright X-ray sources (synchrotron radiation) and zone plates of appropriate spacings, real X-ray projection microscopes (scanning) can be built and are having their first successes.
The revolution, as distinguished from the evolution, in microscopy is of course represented by the scanned probe approaches. With these techniques even photonic microscopes have managed to get around the problem of the diffraction limit (i.e. the near field scanning optical microscope). There is actually yet another microscope design, which has been shown to achieve high resolution with photons, a microscope which confounds the distinction between lensed (i.e. diffraction limited) and lens-less instruments. This is the newly introduced "Proton Tunneling Microscope" described earlier on these pages 3 ' a descendant of the internal reflection and surface contact microscopes. In the photon tunneling microscope, a thin sheet of material ("transducer") is placed over the specimen. If there is no object close to the transducer, the beam is reflected back. If there is an object present close to the transducer some photons tunnel into this medium, and total reflection does not take place. The intensity of the light reflected by the transducer is thus modulated by the microtopography of the sample, Guerra 4 showed that such an apparatus is capable of a vertical resolution of .65 nm, and that quantitative height information is easily obtainable. The lateral resolution is of the order ot .16 |j, significantly better than the Abbe limit. The maximum feature depth which can be studied is of the order of 300 nm, giving images similar to those obtainable by SEM, but with less depth of field and resolution.
It thus seems that the Abbe limit can be breached (revolution!) in a number of ways, and this even in systems using lenses as in the photon tunneling microscope. Poor Abbe, one can wonder how he feels now as he watches us through a chink in the pearly gates. Is he really happy to find that his conclusions are now so routinely circumvented? 
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